Aim: To describe and quantify the out-of-pocket expenses, employment loss, and other financial impact related to caring for a child using home mechanical ventilation (HMV).
were asked to share the URL with other families they knew who met inclusion criteria. No potential participants were approached or contacted by the investigators themselves. Data were collected anonymously between September and December 2016.
| Questionnaire
A questionnaire was developed based on what has been included in previous studies of direct non-medical and indirect costs of caring for children with chronic conditions 5, [8] [9] [10] [11] [12] and what is known about caring for children using HMV at home. Closed-ended questions addressed the following areas:
1) The demographic characteristics of the participants and their households, including the household's gross annual income and other caregivers of the child (paid and unpaid).
2) The children's characteristics, including age, underlying condition, modality and frequency of use of HMV, and insurance coverage.
We also asked participants about home medical equipment for the child and if it was paid for out-of-pocket.
3) Out-of-pocket expenses for medical supplies, medications, nutrition, professional home care, rehabilitation/complementary services, and other items related to the child's care in the last 3 months.
4) The household's reported degree of financial stress and how much this stress was caused by these out-of-pocket expenses. We also included items assessing self-perceived difficulty paying for necessary expenses (food, housing, utilities) and measures taken to help pay for things related to caring for the child (eg, assistance programs, cutting other expenditures) in the previous year. We asked about assistance programs that the child using HMV or household member(s) participated in during the previous year.
Finally, we asked if household members ever had to stop or reduce employment to care for their child and whether this created a financial burden.
Many questions provided space for free text answers to ensure participants could accurately answer and/or comment. A small number of open-ended questions asked about other out-of-pocket expenses, the impact of missed/reduced work, and the financial impact of caring for a child using HMV.
The preliminary questionnaire was revised in a two-stage iterative process. First, using purposeful sampling, four parents of children using HMV followed at Morgan Stanley Children's Hospital of New York participated in cognitive interviews to improve the questionnaire's content validity and readability/comprehension. Second, two additional sets of parents pre-tested the questionnaire for response burden.
The study details, statement of consent, and final questionnaire (available upon request) were rendered into an online survey platform supported by Qualtrics (Qualtrics, LLC; Provo, UT).
All study procedures were approved by the Columbia University The median amount paid in out-of-pocket expenses in the previous 3 months to care for their child using HMV totaled $3899
(IQR $2900-4550, range 0-56 800). For families with children using invasive ventilation, it was $3980 (IQR 3400-4599). For families with children using NIV, it was $3515 (IQR 500-4450). The amounts paid out-of-pocket by participants for particular items or services in the previous 3 months are presented in Table 3 ; the largest expense was for professional home care. Assuming these expenses were constant over a year, these out-of-pocket expenses represented a median 13.6% (IQR 7.7-22.6%) of households' annual income-14.2% (IQR 8.8-23.4%) for families of children using invasive ventilation and 11.5%
(IQR 3-19.1%) for families of children using NIV. Twenty out of 70 participants specifically highlighted the burden of paying out-ofpocket for equipment maintenance/repair; fourteen others highlighted insurance "co-pays" and deductibles for regular and acute medical care. Ten mentioned parking for frequent clinic/hospital visits and items used in the home by non-household caregivers (eg, hand towels, hand sanitizer).
Of the 91% (206/226) of participants that reported moderate or more financial stress, 22% (15% with children using invasive ventilation; 35% with children using NIV) said that "a lot" or "all" of their stress was caused by their out-of-pocket expenses. Twenty percent (23% with children using invasive ventilation; 14% with children using NIV) reported that none of their finance-related stress was caused by their out-of-pocket expenses. Figure 1 shows household finance-related stress and how much of it was caused by these out-of-pocket expenses by income quintiles. Depending on income quintile, 37-60% of participants reported moderate stress with "some" of that stress due to their out-of-pocket expenses (50-62%
with children using invasive ventilation; 14-56% with children using NIV [not shown in figure] ). There was a negative correlation between financial stress due to HMV-related out-of-pocket expenses and income quintiles (Spearman's ranked correlation coefficient −0.32
Eighty-nine percent of participants reported that household members stopped or reduced working in order to care for their child using HMV (Table 4) E-table S3 shows the assistance programs that the households participated in during the previous year; at least 25% or participants reported their households received insurance premium assistance and supplement security income. Specific financial hardships experienced or perceived and measures taken to defray the cost of caring for a child using HMV in the previous year are presented in Table 5 . At least 50% of participants reported difficulty paying for food, believed they spend more on transportation because they have a child using HMV, and deferred funding their own life insurance. In addition, 27%, 28%, and 60% reported paying out-of-pocket to move, purchasing a special vehicle, and performing alterations to their home, respectively, because they had a child using HMV.
Representative examples of participants' comments about the impact of missed/reduced work and the financial impact of caring for a child on HMV are found in E-table S4.
| DISCUSSION
This is the first U.S. study to estimate the out-of-pocket expenses and financial burdens of households with children using HMV in this century, and it provides quantitative data to substantiate the assertions of financial burdens experienced by families with children using HMV found in numerous qualitative studies. [1] [2] [3] [4] Using a large cohort from dozens of states, we found that most of these households paid thousands of dollars out-of-pocket to cover expenses associated with caring for their child at home in the previous 3 months and that these expenses were estimated to be greater than 5-10% of most households' annual income. Most households had one or more members who had to stop or reduce work and take unpaid weeks off of work in order to care for their child using HMV. Many participants reported experiencing specific financial hardships or making financial sacrifices because of these expenses and/or lost/ reduced employment. Finally, we found a weak but significant negative correlation between financial stress due to HMV-related out-ofpocket expenses and income. More than a third of participants reported moderate financial stress with "some" of that stress due to their out-of-pocket expenses, regardless of income quintile. Understanding the financial impact of caring for children using HMV is important for providers who longitudinally follow these children and counsel families before initiating HMV. In addition, measuring costs of care from the family perspective is necessary to inform a full societal perspective cost-of-illness analysis and to inform policy makers and insurers of uncovered expenses. at home over 8 weeks. 6 These families had considerably lower out-of- (14) 16 (11) 15 (20) Cerebral palsy 25 (11) 19 (13) 6 (8) Hypoventilation (eg, CCHS, obstructive apnea) 20 (9) 15 (10) 5 (7) Chronic pulmonary condition 14 (6) 9 (6) 5 (7) Thoracic cage abnormality 10 (4) 7 (5) As expected, given how care-intensive HMV is and that most children using HMV are medically complex, the financial impact of HMV on families corresponds and seemingly surpasses the impact policy and cost-of-living. [18] [19] [20] [21] Other studies have found that families of CSHCN whose providers helped them feel like partners in their child's care and the presence of a medical home were associated with lower odds of reporting financial problems and/or employment loss. 13, 16, 19 Given that the impact of HMV extends beyond the child, families of children with chronic respiratory failure should be informed of the financial burden associated with caring for such a child, ideally early and as part of decision-making around initiating HMV. Twelve out of 15 of interviewed directors of pediatric home ventilation programs highlight the financial impact of caring for a child with chronic respiratory failure to families in the course of shared decision-making around initiating HMV. 22 In addition, commentaries and studies of adult patients and providers have emphasized the importance (and infrequency) of discussing out-of-pocket expenses. [23] [24] [25] [26] Adult patients reported dissatisfaction with the lack of transparency around personal costs of managing their chronic illnesses and that insufficient provider knowledge about such costs and rushed impersonal discussions were impediments to discussing them. 27 Thus, U.S. families of children with chronic respiratory failure should be told to anticipate HMV-related out-of-pocket expenses and that these expenses can be more than 5-10% of their income, to anticipate that one or more household members will have to forgo or (20) 21 (14) 25 (34) Utility company shut off or threatened to shut off service 18 (8) 11 (7) 7 (9) Believed household spent more on because they care for child using HMV Child care for HMV child or sibling 32 (14) 22 (14) 10 (14) Personal/family counseling 24 (11) 10 (7) 14 (19) Measures taken in the last year Decreased or deferred funds for Utility usage 39 (17) 17 (11) 22 (30) Entertainment 83 (37) 40 (26) 43 (58) Life insurance 136 (60) 104 (68) 32 (43) Retirement 51 (23) 28 (18) 23 (31) College savings 37 (16) 19 (13) 18 (24) Requested a utility waiver or assistance 12 (5) 7 (5) 5 (7) Sold valuable item 39 (17) 26 (17) 13 (18) Took out another mortgage or borrowed against home 90 (40) 75 (49) 15 (20) Borrowed money from family/friends 74 (33) 46 (30) 28 (38) Obtained a cash advance or borrowed against a credit card 32 (14) 12 (8) 20 (27) Took out a personal loan 14 (6) 6 (4) 8 (11)
Held a fundraiser 22 (10) 10 (7) 12 (16) HMV, home mechanical ventilation.
reduce working to help care for the child, that relying on the assistance of unpaid nonprofessionals to help care for the child is common, and that these expenses and work reduction contribute to the financial burdens of many households with children using HMV. Some children with chronic respiratory failure have potentially regressive conditions (eg, bronchopulmonary dysplasia), in which case, the financial impact of HMV may be limited. However, for many families, the impact would likely last for the remainder of the child's life. When financial challenges are a particular concern for a family, providers should
delve further into what this might mean for them, which data in studies such as this one can help provide, help families plan financially for the care of the child and their household, and seek alternate funding sources to offset the cost of care when possible.
We should be cognizant that while information on the potential burdens of HMV are imperative to informed decision-making, such information can heighten families' stress and make this decisionmaking all the more difficult (ie, all options seem "bad"). Thus, such information should be presented in a supportive and judicious manner, mindful that the health-related quality-of-life of patients using HMV and their families is variable ("high" for some or in some domains and "low" for others) and relative and that, despite these burdens, many have reported thinking of HMV as a positive thing. 26, [28] [29] [30] [31] [32] [33] [34] Information about any potential burden should not be used to dissuade families from choosing HMV.
It is notable that this study occurred after the Affordable Care respond. Third, we relied upon participant self-report, so it is not possible to verify responses. However, our large sample size helps to minimize the effect of outlying data. Fourth, the dollar amounts from lost wages were not estimated. Finally, we excluded families with children using HMV who reside in chronic care facilities, so we cannot comment on their out-of-pocket expenses and financial burdens.
Families of children using HMV commonly experience financial burdens and employment loss/reduction related to or exacerbated by the demands of caring for their child. Providers should be empowered and informed to talk candidly about these and other ramifications of HMV in order to prepare families better before initiating HMV, empathize with the burdens of families, and help mitigate the burdens when possible.
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